Abstract: Flood damage in West Africa has increased appreciably during the last two decades. Poor communities are more at risk due to the vulnerability of their livelihoods, especially in rural areas where access to services and infrastructures is limited. The aim of this paper is to identify the main factors that contribute to flood risk of rural communities in the Oti River Basin, Togo. A community-based disaster risk index model is applied. The analyses use primary data collected through questionnaires during fieldwork, the analytic hierarchy process (AHP) method, population and housing census data and flood hazard mapping of the study area. The results showed a moderate level of flood risk despite a high level of hazard and vulnerability for all investigated communities. In addition, the results suggest that decreasing vulnerability through creation of new income-generating opportunities and increasing capacity of communities to manage their own flood risk should be paramount in order to reduce flood risk in the study area. The results of this work contribute to the understanding of flood risk and can be used to identify, assess, and compare flood-prone areas, as well as simulating the impacts of flood management measures in the Oti River Basin.
Introduction
In many parts of the world, extreme floods have been observed and grave consequences on ecosystems, human life and socio-economic activities have been reported. In the last two decades, floods have caused extensive economic damage and loss of life throughout the world. For instance, floods in September 2007 in West Africa caused 23, 46 and 56 deaths in Togo, Burkina Faso and Ghana, respectively [1] and extraordinary floods occurred in 2010 in Pakistan and China [2] . Apart from the effects of human-induced climate change, which is expected to exacerbate this dire situation, many factors contribute to Africa's high vulnerability to disasters, including a high rate of population growth, high levels of poverty, inappropriate use of natural resources, and failures of policy and institutional frameworks [3] . In addition, the main features that characterize an area vulnerable to flood hazards are the flat topography, the geological conditions, urbanization and poor draining networks [4] . Managing flood risk is important to reduce the damage and adapt to the combined effects of climate and land use changes. With risk defined herein as the probability of harmful consequences, or expected losses and resulting from the interactions between natural or human-induced hazards and vulnerable conditions [5] , flood risk can then be managed by reducing the hazard (probability or magnitude) or by reducing the vulnerability of the exposed population.
Materials and Methods

Study Area
In this study, seven communities of the Oti River Basin in Togo (Figure 1a ) are investigated. The climate of this area is tropical semi-arid and is characterized by a rainy season starting from April to October with the maximum rainfall occurring in August ( Figure 1b ) and a dry season from November to March. With a poverty rate of more than 90% (Table 1) , these communities are the poorest in the country. Their livelihoods are derived from subsistence farming, animal husbandry and informal labor, all of which are threatened by the impacts of climate change. Most of the dwellings in the studied area are informal self-housing units, poorly planned and made of mud walls, wooden doors and windows. Consequently, many buildings collapse from the force of the flood water.
Heavy rainfall in September 2007 caused the worst flood that Oti River Basin had ever faced. According to the International Federation of Red Cross and Red Crescent Societies (IFRCRCS), by September 2007, 25 people were killed and 97 people were critically injured [19] . In recent years, the most damaging floods were experienced in 2008, 2010 and 2012. 
Conceptual Framework of the Study
This study applies the CBDRI system, which characterizes the risk of natural disaster via four factors, namely: hazard, exposure, vulnerability, as well as capacity and measures (Equation (1)): where R is the flood risk index and H, V, E, C are indices for hazard, vulnerability, exposure as well as coping capacity, and f denotes the function. In this study, a set of 37 indicators are used to quantify the risk index for a given community (Table 2 ). All indicators for each of the four factors are integrated into one index (e.g., hazard index). 
Data Collection
The application of CBDRI method requires a questionnaire (Table S1 ) to be administrated at the commune level. In total, seven communities-Sadori, Mango, Mogou, Tchamonga, Tchanaga, Tambigou and Borgou (Figure 1a ) in the Oti and Kpendjal prefectures of Togo-were selected for this study because of their proximity to the Oti River. In each community, one questionnaire was completed. In order to get reliable information, only knowledgeable people (members of the local development committee, formal community leader, teacher, etc.) were contacted to fill out the questionnaire. However, some data such as population density (V1), population growth rate (V2), number of housing units (E1) access to basic services (V4) and literacy levels (V6) were obtained from Population and Housing Census data of 2010 [20] and literature. In addition, the percentages of forested area for each community area and flood-prone areas were derived from the FAO (Food and Agriculture Organization) land cover database [22] and NASA MODIS data, respectively. Since the data regarding the hazard factor should be obtained from scientific sources [12] , the information on the experienced flood hazards was obtained from the literature while the probability and severity of the possible flood hazard (H2 and H4 ) were obtained through flood hazard mapping of the Oti River Basin.
Estimation of the Vulnerability, Exposure, Capacity and Measure Indices
To assess the vulnerability, exposure, as well as capacity and measures indices of a risk index for a given community, many steps were followed. The first step consisted of making the different measurement of each indicator (e.g., 10,000 residents, 10% literacy level) comparable using a scale. The scaling was done by assigning a score (S) of one, two or three according to the level of the indicator-low, medium, or high, respectively. A zero value was given if the indicator does not apply for a commune. In a second step, the scores are multiplied by a specific weight (W) of each indicator. The CBDRI model was developed in such a way that the total sum of weights for each of the four factors is equal to 3, so that the factor indices range between 0 and 10. Finally, separate indices were calculated for each factor using the following linear Equations (2)- (5): 
where V, E, C and H are the values of the vulnerability, exposure, capacity and measures indices and hazard, respectively; S xi refers to the scaled value of the indicator for Xi, and W xi is the weight applied to the indicator Xi.
Estimation of the Indicator Weight
In the present study, the analytical hierarchy process (AHP) method was employed to compute weights for the different indicators considered in the CBDRI model. The AHP method, which was developed by Saaty [23] , is a multi-criteria, mathematically based method which uses a set of pairwise comparison matrices to estimate the relative importance of different criteria and alternatives, among which the best decision is made. Saaty's AHP model has attracted the interest of many researchers (e.g., [7, [24] [25] [26] [27] [28] [29] ) because it has the advantage of incorporating a test for checking the consistency of a choice, thus reducing the uncertainty in the evaluation process.
In order to compute the weights for each indicator, the AHP starts creating a pairwise comparison matrix M = B ij . Each numerical value B ij of M represents the relative importance of the ith indicator in comparison with the jth indicator. If B ij > 1, then the ith indicator is more important than the jth indicator, whereas if B ij < 1, then the ith indicator is less important than the jth indicator. If two indicators have the same importance, then B ij = 1. The numerical values satisfy the condition given in Equation (6) [23] :
Moreover, the relative importance between two criteria was measured based on a numerical scale from 1 to 9 as follows: 1 = i and j are equally important, 3 = i is slightly more important than j, 5 = i is strongly important than j, 7 = i is very strongly more important than j, 9 = i is extremely more important than j, and 2, 4, 6, 8 are intermediate values between the previous scales [23] . After building the matrix M, a normalized pairwise comparison matrix was derived by dividing each value B ij by the sum of all values of that column. Finally, the relative weight (W AHP ) vector was estimated by averaging the values on each row of the normalized pairwise comparison matrix. The AHP method requires all indicator weights to satisfy the condition shown in Equation (7) [30]:
The AHP method provides the possibility to check consistency of the estimated weights. This is done with the consistency ratio (CR), which is shown in Equation (8) [30] :
where CI is the consistency index which is obtained by first computing the scalar λ max as the average of the elements of the vector whose ith element is the ratio of the ith element of the vector (M*W AHP ) to the corresponding element of the vector W AHP [30] . Then, CI is calculated using the Equation (9):
where λ max is the largest eigenvalue of the matrix and n is the number of indicators. RI is a constant that depends on n. When CR < 0.1, the evaluation is consistent, and reliable results can be expected from the AHP model [23] .
In this study, four pairwise comparison matrices (Tables 3-6) were constructed for the weight estimations of the different indicators used in the CBDRI model. Furthermore, W AHP was multiplied by three to get the final weights (W xi ) of each indicator. 
Estimation of the Flood Hazard Index
In this study, the indicators of the experienced hazard (H1 and H3) were assessed by answering the corresponding questions based on the literature (e.g., [31, 32] ). In contrast, the possible hazard components (H2 and H4) of the risk index were characterized in terms of the floodplain inundation level of the 50-year flood, which were obtained through hydraulic modelling with the sub-grid model of LISFLOOD-FP hydraulic model [33] and regional flood frequency analysis performed by Komi et al. [34] . The 50-year flood was chosen because it provides a plausible measure of flood-affected populations [35] . The application of the sub-grid solver of LISFLOOD-FP requires the specification of the streamlines of the river, floodplain topography, river widths, river bank elevation, inflow hydrographs and downstream boundary conditions. In addition, the sub grid channel solver of LISFLOOD-FP has four parameters, namely: the Manning's friction coefficient separately for channel and floodplain, the exponent (p), and coefficient (r) of the hydraulic geometry. Due to the lack of detailed hydrological data, tributaries of the Oti River Basin were not considered in the flood inundation modelling. For further details on the calibration of LISFLOOD-FP hydraulic model, the reader is referred to Bates et al. [36] . Finally, the flood hazard severity was estimated based on the categorization proposed by Dinh et al. [37] as shown in Table 7 . Since each community area has many flood severity classes (FC) to a particular extent, an average flood severity index (FSI) was used to estimate the average flood severity of a given community area. The FSI takes into account the areal extent of a flood's depth and was calculated using Equation (10) [13] :
where A i is the areal extent of the flood severity class i, n is the number of flood severity classes and (FC) i was represented by the mean depth of the flood severity class (Table 7) . Then, the flood hazard index (H) was estimated using Equation (5). Table 7 . Categorization of flood hazard severity [36] .
Flood Depth (m) Hazardseverity Definition of Hazard Severity
0-0.2 Very low
The damage to property is expected to be very low
0.2-0.5 Low
The number of casualties due to floods, in terms of death or injuries, is insignificant, and the damage to property is expected to be relatively low 0.5-1.0 Medium Causalities, in terms of death and injuries are considerable, relative to the number of people living in the area under study.
1.0-2.0 High
Damage to property is extensive and the probability of having dead and injured people is high.
Estimation of the Flood Risk Index
To calculate the overall flood risk index (R) in the community based system, Equation (11) was used [38] . In this equation, a constant coefficient of 0.03 was multiplied by each factor in order to maintain the same scale between 0 and 10 as for the individual factor indices [12] :
where a is a constant (0 ≤ a ≤ 1) used to reduce the total flood risk value and it is assumed to be 0.75 [38] . In addition, this equation is based on the conventional mathematical expression of risk as a convolution of hazard, vulnerability and exposure. The coping capacity (C) was added as a reduction factor [38] . Finally, the values of the risk index were grouped into five categories (very low, low, moderate, high and very high) as shown in Table 8 . 
Results
Scores of the Indicators
As it is expected, there are differences in the scores assigned to some of the indicators in this case study. For example, 57.15%, 28.57% and 14.29% of the studied communities score, respectively, low, medium and high levels for 'lifelines' indicator and 14.29%, 57.15% and 28.57% of the communities score, respectively, low, medium and high levels for the 'area under forest indicator' (V14). However, these communities have almost the same scores for many indicators, for instance those which characterize the hazard and the social vulnerability. Moreover, the scores obtained for most of the capacity and measures indicators are relatively low and consequently high for the vulnerability indicators. All communities score low levels for many indicators of the 'coping capacity factor (e.g., C2, C7, C9, C10, C11 and C12) and high levels for many indicators of the vulnerability factor such as poverty level and literacy rate. The low scores for the capacity and measures indicators highlight the insufficiency of social, economic and institutional capacities to cope with extreme floods in the Oti River Basin (Togo). Figure 2 shows the 50-year flood hazard map simulated by the hydraulic model (LISFLOOD-FP). This result is used to estimate the severity of the possible flood hazard (H4). When the set of thresholds applied in Table 7 are considered, all community areas fall in the high flood severity category. Sadori has the highest flood depth while Mango has the lowest ( Table 9 ). This difference in simulated flood depth can be explained by the spatial variability in the local topography and the soil property (permeability) of the studied villages. In addition, it is worth noting that the flood depth in the communities may be higher than simulated, given that flooding from tributaries was not considered in this study. Figure 2 shows the 50-year flood hazard map simulated by the hydraulic model (LISFLOOD-FP). This result is used to estimate the severity of the possible flood hazard (H4). When the set of thresholds applied in Table 7 are considered, all community areas fall in the high flood severity category. Sadori has the highest flood depth while Mango has the lowest ( Table 9 ). This difference in simulated flood depth can be explained by the spatial variability in the local topography and the soil property (permeability) of the studied villages. In addition, it is worth noting that the flood depth in the communities may be higher than simulated, given that flooding from tributaries was not considered in this study. Figure 3 shows the indices of the four factors that contribute to the risk in the CBDRI model. The high level of hazard index can be explained by the repeated and catastrophic floods that have Figure 3 shows the indices of the four factors that contribute to the risk in the CBDRI model. The high level of hazard index can be explained by the repeated and catastrophic floods that have impacted the communities of the Oti River Basin during the last two decades (1998, 2007, 2008 and 2010) and the high level of simulated flood depth, while the observed elevated vulnerability index (V) is mainly due, for instance, to the high poverty level of the communities, insufficiency of access to safe drinking water and the little awareness of the majority of the community members regarding their own flood risk. 
Possible Flood Hazardousness
Indices of the Risk Factors
Flood Risk Index
As it is shown in Table 10 , flood risk in all studied communities is moderate when we consider the classification shown in Table 8 . This moderate level of flood risk is associated with a combination of high indices of flood hazard and vulnerability and low indices of capacities and exposure. In addition, Mango has the highest flood risk index (5.01), while the lowest flood risk index is estimated at Tambigou and Tchanaga (4.36). The small difference (0.65) between the highest and lowest flood risk indices is an indication of the relative homogeneity of flood risk across these communities. 
Discussion
In the present work, a community based disaster risk index system and a simulated 50-year flood hazard map were used to assess quantitatively and qualitatively flood risk for rural communities of the Oti River Basin in Togo (West Africa). Thirty seven (37) indicators of flood risk were considered for the analysis and Saaty's AHP (analytical hierarchy process) method was applied to estimate the weights of the indicators.
The results showed that the hazard, vulnerability, coping capacity factors are the most important factors in increasing flood risk in the study area. For instance, as shown in Figure 4 , the hazard and vulnerability indices are high in all the studied communities. The low index of capacity and measures factor is associated with the insufficiency of the strategies and capacity to mitigate flood risk. For instance, the people interviewed pointed out the absence of flood risk management committees at the village level, non-access to local emergency funds and insurances for house 
Flood Risk Index
Discussion
The results showed that the hazard, vulnerability, coping capacity factors are the most important factors in increasing flood risk in the study area. For instance, as shown in Figure 3 , the hazard and vulnerability indices are high in all the studied communities. The low index of capacity and measures factor is associated with the insufficiency of the strategies and capacity to mitigate flood risk. For instance, the people interviewed pointed out the absence of flood risk management committees at the village level, non-access to local emergency funds and insurances for house owners. In addition, education and culture of flood risk management are not part of the school curricula. Apart from Sadori, Mango and Borgou, the investigated communities lack early warning systems and emergency plans for floods, although advanced warning systems for floods are very helpful in reducing flood risk and providing emergency response personnel time to prepare for and mitigate damages [39, 40] . Consequently, decreasing vulnerability and increasing capacity of the communities to manage their own flood risk should be paramount in order to mitigate flood risk in the study area. For instance, due to the high poverty level in the majority of the community areas (Table 1) , creating diverse income-generating opportunities could be essential to reduce the vulnerability of the local population. The results of this study showed the need for non-structural measures to reduce the negative consequences of floods in the study area. These measures include the implementation of advanced early flood warning systems for all the flood-prone communes and public education about flood risk, real involvement of wide range of local actors in national efforts to manage flood risks so that they can contribute as much as possible to the reduction of flood risks in their own localities, and a creation of a culture of awareness in which the population realises the negative impacts of floods on development. Moreover, actions to discourage settlements in flood-prone areas and building codes to make houses more resilient to flooding are useful to mitigate flood risk in the Oti River Basin.
Furthermore, the relative homogeneity observed in the majority of the vulnerability and coping capacity is reasonable because the studied communities are almost the same in their social and economic profiles as shown by their poverty levels (Table 1 ). In addition, their economic capacities for disaster risk management are also the same: all are funded by non-governmental organisation in the case of flood disasters. They are managed at the top by a central government (lack of decentralization). For this reason, a large difference in vulnerability and capacities in the Oti River Basin at the village scale is unexpected.
The presented flood risk indices summarize complex information about flood risk in a simple way that is easy for non-experts to understand and use in flood risk management policies [12] . However, there are some issues that need to be considered. First, the majority of the data are subjective as they were collected from selected local residents. In addition, the results are dependent on the selected indicators, their categorization, the set of thresholds and the spatial scale of application. Second, the selected indicators are only a simplification of key elements of flood risks and vulnerabilities that we wanted to measure. They are not real measures of these elements themselves. Finally, the return period associated with the simulated flood hazard severity is 50 years. Given the significant contribution of the hazard factor to the total flood risk, the results will differ if floods with lower or higher return periods than 50 years are considered.
Conclusions
The risk of riverine flood to community facilities in the Oti River Basin is expected to increase due to the combined effects of climate change and land use changes, economic development and population growth. In 2005, the World Conference on Disaster Reduction emphasized the necessity to incorporate disaster risk assessment into rural planning and management in order to mitigate disaster risk [41] . This study performed a comprehensive flood risk assessment of rural communities in the Oti River Basin of Togo and identified the relative contributions of hazard, exposure, vulnerability, as well as capacity and measure factors to flood risk. While the flood risk for all communities studied is moderate, there were high levels of hazards, vulnerability and a lack of capacity and measures, whereas the exposure is relatively low. The outcomes of this study provide community members as well as government officials with empirical risks and vulnerability evidence. Consequently, the information provided by the community-based disaster risk index system can be used to support decision-makers at local and national levels in order to analyze and understand the flood risk to which a community is exposed. In addition, periodic application of the proposed method can be a measure to examine the projects undertaken to manage flood risks. In order to reduce flood risk in the Oti River Basin, decreasing vulnerability through creation of new income-generating opportunities and increasing capacity of communities to manage their own flood risk should be paramount.
Supplementary Materials: The following are available online at www.mdpi.com/2306-5338/3/4/42/s1, Table S1 : questionnaire used in the Community-based Disaster Risk Index, modified from Bollin et al. [12] .
